We present new thermochronometric analyses of 4 samples from the Western Klamath mountains in California and Oregon, together with a re-evaluation of available geological constraint from a thermo-tectonic perspective. Early Cretaceous cooling of basement samples is seen to reflect significant exhumation by normal faulting, linked to the Separation Episode during which the Klamath region was rifted away from the formerly contiguous Sierra Nevada block. Syn-faulting sedimentation and subsequent Early Cretaceous re-heating of samples establishes the former continuity of scattered Hornbrook Formation remnants as a significant sedimentary basin spanning the Klamath region, with local maximum thickness of at least 5 km. This basin experienced significant inversion during early Cordilleran development around 110-120 Ma, with further unroofing and almost complete eversion in the Late Cretaceous, associated with Laramide uplift of the region.
Introduction
As the only substantial block of crystalline rocks in the coastal ranges along the Pacific margin of the conterminous USA (Figure 1 ), the Klamath Mountains occupy * E-mail: gbatt@cyllene.uwa.edu.au a unique position in the geological fabric of western North America. This emergent basement terrane has represented a significant salient on the continental margin throughout Cretaceous-Cenozoic accretion and deformation of sediments to the north and south, recording changing plate boundary conditions through the dynamic response of structural and topographic systems across the region. Primary metamorphic and igneous crystallisation in the Klamath block effectively ceased in the Early Creta- Figure 1 . Generalized geological map of the west-central Klamath Mountains, after [1] [2] [3] . Cretaceous shorelines taken from [8] .
ceous [4, 5] , but scattered remnants of formerly widespread Cretaceous sediments record a significant later history of burial and exhumation [6] . Although subsequent denudation and structural activity has largely stripped away this Lower Cretaceous sedimentary cover [7] , recent investigation of the Trinity Detachment Surface in the Eastern Klamaths [8] has demonstrated that low temperature thermochronology can serve as a proxy for this missing section. Combined apatite fission track and (U-Th)/He ages allowed [8] to identify and kinematically constrain previously cryptic episodes of tectonic activity and erosion across this region in the Late Cretaceous and early Miocene. We here extend this constraint through reconnaissance analysis of the thermo-tectonic evolution of the western Klamath Mountains.
Interpreted within the geological and structural framework of the region, these thermal histories provide a significant new record of Late Cretaceous and Cenozoic tectonic evolution, illuminating the wider distribution and character of a number of distinct episodes previously recognised only on a local scale.
Geological setting
The Klamath Mountains comprise a structurally imbricated series of east-dipping and generally westwardyounging terranes [4, [9] [10] [11] . Assembly of these terranes was completed in the late Jurassic Nevadan orogeny, during which the Western Klamath terrane ( Figure 1 ) was thrust beneath older rocks of the Klamath Mountains along the Orleans Fault, regionally metamorphosed to low-medium greenschist facies, and intruded by calcalkaline magmas [12] [13] [14] . Major thrusting in this orogenic event was completed by ∼150 Ma and plutons as old as ∼147 Ma overprint the Nevadan slaty cleavage, but the younger age limit of the Nevadan orogeny has been considered equivocal [15] .
The formerly contiguous Klamath and Sierra Nevada blocks (Figure 1 ) parted in the end Jurassic to Lower Cretaceous Separation (or Pickett Peak) Episode, in which the Klamath block was moved ∼100 km west relative to the Sierra Nevada [25] . The timing and tectonic details of this event are somewhat controversial, but it is associated with a minor episode of plutonism cutting main-phase Nevadan structures in the Klamath Mountains and northern Sierra Nevada foothills between 143 and 138 Ma [13, 15] . Ductile deformation features are well developed within and around these late-stage intrusions, and regional metamorphism may have continued until as recently as 135 Ma [15] . The younger age limit of the Separation Episode in the west-central Klamath Mountains is constrained by an extensive erosion surface on the crystalline basement. This surface is unconformably overlain by sedimentary strata of the Hornbrook Formation as old as late Valanginian (136.4±2 Ma [16] ) near the Oregon Coast and in the southwestern Klamath Mountains [17] [18] [19] , and late Hauterivian (130±1.5 Ma) near the town of O'Brien, Oregon [17] (Figure 1) . Although only small remnants of these Lower Cretaceous sediments remain throughout much of the Klamath Mountains, the truncated strata locally reach up to 815 m thick around the type locality at Hornbrook [20] , and 1405 m in the Shasta Valley area [6] . These rocks consist primarily of marine sandstone and shale, but a basal conglomerate unit is often present [7, 21] , which in some sections is fluvial in origin. Despite its current fragmented distribution, lateral continuity of most members of the Hornbrook Formation between remnant outcrops suggests that it originally extended much farther to the north and southeast [6] , potentially connecting with lithologically similar strata in the Great Valley sequence [22, 23] and southwestern Oregon [23] . Thin patches of shallow marine Wimer Formation [24, 25] overlie the post-Hornbrook erosion surface throughout the Western Klamaths, indicating a widespread return to marine conditions across the region during the late Mioceneearliest Pliocene. These marine environments progressively give way to fluvial gravels and sands indicative of low relief and braided river systems [25] . The presence of deeply weathered surfaces and patches of preserved gravels as a consistent feature capping the higher points of topography throughout the Klamaths has been argued to represent the former presence of a widespread surface of low relief -the Klamath peneplain [27] [28] [29] . The presence of the Wimer formation in the uplifted sequence underlying this surface constrains the upper limit on its age as early Pliocene [30] . This former low-relief surface has been uplifted and dissected by significant Pliocene-Recent deformation. Remnants of the former peneplain reach ∼1 500 m elevation in Oregon, and 2 000 m in California [26] , with the modern drainage network of the region deeply incised into it. 
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Three K-feldspars from the Early Cretaceous rocks of the Western Klamath terrane were subjected to 40 Ar- 39 Ar analysis in this study according to the methods described in [15] . Samples were characterised by petrographic microscopy, and by imaging and elemental constraint using backscattered electron analysis on an automated JEOL 733 superprobe at the University of California, Los Angeles.
Sample WK-1 is a medium grained biotite granodiorite dike intruding the 145±2 Ma Lower Coon Mountain plu-ton (Table 1) [15, 31] . K-feldspar from this sample possesses a near end-member Or 94 composition, with lamellae of albite spaced at ∼10-50 μm intervals throughout the sample, forming a microperthitic texture. Sample WK-2 is a deformed pegmatite dike intruding the amphibolite sole beneath the Josephine ophiolite [32, 33] . This pegmatite has yielded a 152±4 Ma U/Pb zircon age and an essentially concordant muscovite 40 Ar- 39 Ar plateau age of 150 Ma [15] , suggesting mid to upper crustal emplacement during the Nevadan orogeny. This sample has experienced significant recrystallisation of quartz and crystal plastic deformation of muscovite and plagioclase, but the K-feldspar present seems to have largely escaped these strain effects, occurring as undeformed porphyroclasts 1-6 mm in diameter. Sample WK-3 is from a pillow breccia in the 163±5 Ma Josephine ophiolite (Table 1) containing K-feldspar formed during ocean-ridge hydrothermal metamorphism [34] . The K-feldspar occurs as 100-200 μm crystals in aggregates up to 2 cm in diameter within the matrix of the pillow breccia. Although fine-grained, these crystals exceed the length scales controlling diffusive loss of argon from the K-feldspar structure [35] , and hence are expected to yield geologically meaningful 40 Ar- 39 Ar data. The results of 40 Ar- 39 Ar step heating experiments on these three K-feldspar samples are shown in Figure 2 and Table 2. Detailed analytical data are available from the authors on request. The apparent age of gas derived from sequential heating steps for sample WK-1 climbs steadily over the initial 20% of the experiment, from ∼80 Ma during initial release to a consistent plateau at approximately 135 Ma for the bulk of the experiment. Although the temperature of ambient melting in K-feldspar is reached soon after the 135 Ma age is attained, and a large proportion of this plateau is thus unlikely to represent diffusional retention and release behaviour, the continuity of this age through higher temperature steps qualitatively supports a continued significance in respect of the sample's history. The age spectrum of sample WK-2 exhibits an early phase of age increase from initial values of ∼75 Ma to a plateau of consistent 109-112 Ma ages between ∼35% and 65% of progressive gas release. Beyond this point in the experiment, ages progressively increase again, reaching a peak of ∼126 Ma. Sample WK-3 rises from a minimum age of ∼70 Ma to a consistent plateau at 110-112 Ma over the bulk of experimental gas release. More complex age spectrum structure above ∼80% gas release is again considered only indirectly representative of the sample's thermal history, as this portion of sample outgassing occurs above the temperature of ambient melting in K-feldspar, and is thus unlikely to represent diffusional retention and release behaviour.
Fission track ages
Apatite and zircon fission track (AFT and ZFT) ages were determined for sample WK-4 from the Grants Pass Pluton ( Figure 1 , Table 1 ) using techniques described in [36] and [37] , and presented in more detail in appendix A. Spontaneous fission track counts were adequate for analysis using standard statistical methods for fission track data (Table 3 ). Both apatite and zircon analyses pass the chi-square test with probabilities greater than 5%, indicating concordant grain-age distributions -as generally expected for such an igneous body. Track counts for individual grains of each mineral can therefore be pooled to give more robust ages. Apatite fission track analysis yielded a pooled age of 73.6 +13.8 −11.7 Ma (1 σ ) from 18 grains. The mean length of 75 horizontal confined fission tracks measured in this sample was 12.7±1.9 μm, with a slightly negatively skewed distribution exhibiting excess shortened tracks (Table 3 , Figure 4 ) The 118 +10.9 −10.0 Ma pooled zircon fission track age of the sample is significantly younger than the Early Cretaceous crystallisation age of the Grants Pass Pluton (139±2 Ma [15] ) (Table 3) . Table 3 . Fission track dating results for apatite, and zircon from sample WK-4. Parentheses enclose number of tracks counted. Induced track densities were measured on mica external detectors (geometry factor = 0.5), and fossil track densities were measured on internal mineral surfaces exposed by polishing of mounted samples. Concordance of grain age distribution is assessed by the chi-square test [60] , which determines the probability that the counted grains belong to a single age population (within Poissonian variation). If the chi-square value is less than 5%, it is likely that the grains counted represent a mixed-age population with real age differences between single grains. 2. Induced track densities measured on mica external detectors (g = 0.5) and fossil track densities on internal apatite surfaces.
3. Ages calculated using the zeta method (103.2±2.1 (1 s.e.) from glass CN-1). within the illustrated range, the limits of thermal constraint consistent with the age spectrum of a given sample are approached by systematically exploring through an iterative variational process (the Levenberg-Marquardt method) until an acceptable minimum χ 2 misfit is obtained between the age spectrum arising from the modelled thermal history and that observed for the sample. The main figures illustrate the final thermal histories achieving acceptable age spectrum output from 50 model runs for each sample. The age spectrum for each sample is shown by the white curve in the inset box, plotted as apparent age of gas released in each heating step against cumulative % 39 Ar release, which is taken as a proxy for progress towards complete out-gassing of the sample. Grey curves in the inset box illustrate the model age spectra arising from the best-fit thermal histories shown.
Discussion
The ages obtained in this study significantly post-date the primary crystallisation ages of the sampled lithologies (Table 1) , and are hence best interpreted as reflections of the post-crystallisation solid-state cooling of the bodies during their later tectonic history and exhumation.
The distribution of the products of radioactive decay within a crystal structure reflects a dynamic interplay between their radiogenic production and subsequent kinetic mobility. For our K-feldspar samples, the implications of this relationship for 40 Ar- 39 Ar data were assessed through quantitative simulation of the varying response of argon retention to temperature under experimental conditions using the Multiple Diffusion Domain (MDD) modelling approach developed by [38, 39] .
Although an empirically derived model lacking a true mechanistic basis [40] , Lovera et al. (2002) [41] demonstrate that most details of the interpretive construct are of secondary importance for this system, with the MDD approach able to recover imposed thermal histories from K-feldspar 40 Ar/ 39 Ar step-heating results as long as (1) argon loss proceeds by volume diffusion, and (2) laboratory argon release adequately mimics the natural diffusion boundaries and mechanisms of a sample -a requirement implicitly met by samples exhibiting high degrees of correlation between changes in apparent age and 39 Ar release during outgassing.
The argon diffusion characteristics for individual feldspar samples are calculated using an iterative least-squares fitting process [38, 39] to fit the observed pattern of 39 Ar release with increasing temperature (Table 4) .
With the diffusion properties of a sample constrained in this way, the observed distribution of age during each heating experiment should be explicable as a function of temperature variation through geological time. This relationship is investigated through non-linear iterative χ 2 fitting using the 'autoage-free' modelling software developed at the UCLA Argon Laboratory [42, 43] .
Starting with an initial thermal history randomly assigned within known limits (set by the user on the basis of intrusion age, stratigraphic constraint etc.), this programme tests the limits of thermal constraint consistent with the age spectrum of a given sample by systematically exploring within the allowed limits through an iterative variational process (the Levenberg-Marquardt method) until an acceptable minimum χ 2 misfit is obtained. As this fit is strongly non-unique, this procedure is repeated a number of times (here n = 50), allowing varying levels of confidence to be ascribed to aspects of thermal history according to their relative conservation within the family of allowable results (Figure 2 ). The earliest post-Nevadan thermal activity evident in these results is an episode of rapid cooling (∼50°C/Ma) that appears as a strongly conserved feature of all modelled thermal histories providing a statistically acceptable fit to the age spectrum of the southernmost of our K-feldspar samples, WK-1 ( Figure 2 ).
Due to the openended nature of the cooling history (with this as the earliest quantitative point of constraint), the initiation of this episode is under-constrained, but cooling reaches temperatures allowing argon retention at approximately 135 Ma (Figure 2 ). By themselves, the occurrence of comparable Early Cretaceous ages late in the experimental age spectra of WK-2 and WK-3 ( Figure 2 ) would be equivocal, as they were derived at temperatures where the samples may have been experiencing structural breakdown during heating (as discussed above), and are thus not included in the MDD modelling of thermal history. In the context of this episode having been independently derived from the better-constrained record of WK-1, however, the repeated occurrence of this signal in both other feldspars provides circumstantial support for this Early Cretaceous cooling. The coincidence of this cooling with the latter stages of the accepted time range for the Separation Episode suggests that it reflects a response to the Late Jurassic-Early Cretaceous rifting of the Klamath basement away from the formerly contiguous Sierra Nevada block [5] . The widespread Cretaceous unconformity on mid to upper crustal crys-talline rocks throughout the Klamath Mountains (with preserved remnants around the town of O'Brien - Figure 1 ) further supports association of this cooling episode with extensive exhumation of crystalline basement across the region. Notably, however, diachronous deposition of late Valanginian to Albian sedimentary rocks on this unconformity surface [7] (with the Western Klamath areas sampled in this study toward the older limit of this range - Figure 1) indicate that the cooling evident in our samples was synchronous with significant sedimentary burial in adjacent regions.
The apparent requirement for simultaneous burial and cooling within the Klamath province can be reconciled within the context of the presumed extensional tectonics of the Separation Episode if our basement samples sit in the footwall to a significant normal fault, while Hornbrook formation deposition is occurring in a deepening hangingwall basin. Although the limited distribution of Hornbrook Formation remnants and current scarcity of thermochronological constraint do not allow for effective testing of this hypothesis at present, such a structural scenario is circumstantially supported by contemporary activity in the Eastern Klamath terrane [8, 44] and in the Great Valley [45] , where significant extensional faulting is well established for this period.
Hypotheses have been advanced regarding phases of Jurassic-Cretaceous extensional movement on the Paskenta, Elder Creek and Cold Fork Faults and related structures soling into the Coast Range Fault to the south of the Klamaths, for example [46, 47] . Such arguments remain contentious due to the complex history of reactivation on these structures (see discussion on this in [45] ), but in light of the sensitivity of thermochronometry to this episode (as demonstrated here), we note that this may be a fruitful area for further investigation.
Erosional truncation leaves the original thickness of the Hornbrook Formation sediments across the Klamaths uncertain, but remnants reach up to 1 405 m in the Shasta Valley area (as noted above), and the progressive eastward transgression of the Cretaceous shoreline [7] (Figure 1) suggests primary stratigraphic thickness was likely greater in western areas of the region.
Vitrinite reflectance measurements made on carbonaceous material extracted from fresh, unweathered siltstones at the base of the Hornbrook Formation near the town of O'Brien ( Figure 1 ) yield mean R 0 values of 0.79% (with a standard deviation of 0.09) and 0.83% (with a standard deviation of 0.07) from 20 and 36 analyses, respectively (Table 4) , implying maximum burial temperatures of 136±10°C, according to the kinetic model developed by [48, 49] . The absence of substantial contemporaneous intrusive bodies rules out a major contribution of heat from igneous or hydrothermal sources at this time, and the elevated temperatures are here attributed principally to sedimentary burial. Assuming an Early Cretaceous paleo-geothermal gradient comparable to the 25°C km −1 expressed in the Great Valley sediments of the modern San Joaquin Basin [50] and a mean surface temperature of 10°C, this implies local sedimentary thicknesses around O'Brien of up to 5±0.4 km. Although high relative to the proximally preserved remnants of the sequence, this magnitude of burial would not be regionally excessive, given the >6 km thickness of the Lower Cretaceous Shasta Formation preserved in the adjacent Great Valley sequence [51] . No direct constraint is available on the sedimentary thickness of the Hornbrook Formation outside this site, but substantial Early Cretaceous burial and re-heating by now-absent cover would also be consistent with the extensive remagnetization observed in remaining outliers of the Hornbrook in the south of the Western Klamath Terrane [52] (Figure 1) , and is further supported by Early Cretaceous (∼100-120 Ma) redistribution of argon reported in 40 Ar- 39 Ar analyses of hornblende and mica from the western and central Klamath Mountains [15, 53] . The late-released components of the age spectra of Kfeldspar samples WK-2 and WK-3 ( Figure 2 ) could also be viewed as consistent with this scenario, with superficial indications of the Separation Event (attested to by the ambiguous ∼125-130 Ma age signals seen in these samples) potentially arising as a primary cooling record largely remobilised by this Cretaceous re-heating. The lack of direct constraint within diffusively released regions of the age spectra of these samples, however, (as discussed above) limits such discussion to the speculative. Synchronicity observed in thermal histories derived from MDD modelling of the K-feldspar data for WK-2 and WK-3 ( Figure 2 ) strongly suggests that post-Separation Episode sedimentary burial reached its apogee at or before ∼115 Ma, with rapid cooling (and by inference removal of this sedimentary cover) initiating at this time evident as a robust feature of thermal histories producing acceptable fits to both samples. . This episode is linked to local exposure of basement and the development of a regional unconformity surface that is rapidly (and in part synchronously) reburied to variable depths (highlighted as point 2), but the degree to which individual samples experienced this combination of episodes is difficult to directly assay. Removal of sedimentary cover and consequent exhumation of our Western Klamath samples commences locally by ∼120 Ma, (point 3) but we note that this episode must be strongly diachronous, as deposition of the Hornbrook Formation continues into the Turonian elsewhere in the Klamath region [7] .
Significant cooling at this time across the Western Klamaths is also supported by the post-crystallisation 118±10.5 Ma zircon fission track age of sample WK-4 (Table 3) , and consistent 120-115 Ma K-Ar and 40 Ar- 39 Ar whole rock ages from the South Fork Mountains Schist [54] . Although interpreted by [54] as peak metamorphic ages, in the context of the overlapping cooling episode identified in this study and the ambiguity inherent in assigning thermal sensitivity to whole-rock argon ages, the South Fork Mountains Schist data could also be consistent with post-metamorphic cooling ages. Either interpretation would be consistent with the suggested peak Aptian burial and rapid ensuing exhumation argued here (Figure 3 ).
If sedimentary blanketing by formerly widespread Hornbrook Formation is accepted as the cause of the Lower Cretaceous heating recorded by WK-2 and WK-3, it follows that the absence of this episode from the thermal history of sample WK-1 ( Figure 2 ) may bespeak variability in the geometry of the Cretaceous sedimentary basin, with Coon Mountain possibly representing a local paleohigh which did not experience significant burial at this time. Although, in the context of the profound unconformity atop the Hornbrook Formation, lack of preservation of sediments cannot in itself provide a test for this hypothesis, such paleogeography is circumstantially consistent with the absence of Hornbrook Formation inliers between O'Brien in the north and Big Bar in the south of the Western Klamaths [7] (Figure 1) . A nominal lack of burial and corresponding re-heating for WK-1 would also explain the stronger preservation of the Early Cretaceous Separation Episode signal in this sample, relative to WK-2 and WK-3.
The Aptian-Albian timing inferred for inception of the post-Hornbrook exhumation episode coincides with the onset time of cordilleran development and continental arc magmatism along the western margin of North America [55] , and with significant erosional unroofing of the Eastern Klamaths [8] . Significant erosion is also supported by coincidence of this cooling with deposition of the Upper Aptian-Albian Lodega Formation following a sedimentary hiatus of up to 10 Ma in the Great Valley immediately to the south of the Klamaths [45] .
Whatever its genesis, MDD modelling of samples WK-2 and WK-3 suggests that this rapid cooling episode was short lived, ceasing by the early-mid Albian, before the smaller diffusion domains of the feldspars had closed to the retention of argon (Figure 2 ).
Retention of an older record of argon in-growth in the B Thermal histories derived from inverse modelling of track annealing in apatite using the HeFTy© software package [57, 58] , constrained by apatite fission track age and horizontal confined track length distribution (uncorrected for angle to the C axis). Annealing-diffusion algorithms used are those from [59] . The light and dark grey envelopes represents the parametric bounds of models producing goodness of fit to the data in excess of 0.05 and 0.5, respectively (defined as 'acceptable' and 'good' fits by convention [58] ). Models were limited by an assumed present-day surface temperature of 10°C and a parametric box representing the fission track age of the sample placed at 62-88 Ma and 60-100°C so as to allow maximum freedom to thermal histories. Random sub-segment spacing was used, and no continuous cooling constraint was applied. Models were run until 100 thermal histories offering 'good' fits were obtained. Note that the thermal history envelopes are clipped at 60 and 120°C, as these bounds represent the limits of thermal sensitivity of the models. Above this range, tracks anneal so rapidly as to be effectively lost instantaneously, while below the lower limit, tracks are essentially stable, and hence insensitive to thermal variation. more retentive parts of the age spectra for these samples (as discussed above) suggests that peak Cretaceous temperatures did not greatly exceed the thermal limits constrained by our experimental diffusion data -approximately 450°C. Even this limit, however, requires cooling on the order of 300°C during this episode for WK-2 and WK-3 (Figure 2 ), corresponding to approximately 12 km of exhumation (again, assuming a geothermal gradient of 25°C km −1 ). Given the 5km thickness calculated for the closest preserved inlier of the Hornbrook Formation near O'Brien (Figure 1) , exhumation of this magnitude seems likely to require significant removal of crystalline basement from these areas.
Although near to the limits of thermal responsiveness of argon retention in K-feldspar, MDD model thermal histories producing adequate matches to the ∼75 Ma minimum initial ages of feldspars WK-2 and WK-3 support a further episode of accelerated cooling at approximately this time (Figure 2 ). Synchronous final closure of WK-1 to argon retention allows that this episode may have cooled the Coon Mountain area as well (albeit by too small a magnitude to register as a strongly conserved aspect of thermal history modelling) (Figure 2 ), suggesting further regional exhumation at this time.
Complementary thermal constraint provided at lower temperatures by fission tracks in apatite for sample WK-4 also supports this latter Cretaceous episode. The most strongly conserved aspect of the family of thermal histories satisfactorily accounting for the observed ages and track length distributions of this sample (Figure 4) is rapid, Late Cretaceous cooling.
The Late Cretaceous timing of this acceleration in cooling supports a link to the Laramide episode at this time, with the Western Klamaths apparently experiencing renewed uplift and exhumation on a restricted scale. Renewed cooling is not observed in well-resolved thermal histories from the Trinity Alps region of the Eastern Klamaths at this time [8] , but comparable peripheral Laramide activity has also been recognised for the Great Valley basin to the south [56] .
Conclusions
Although the presently limited spatial coverage of our dataset prevents compelling resolution, we demonstrate here that integrated thermochronological constraint provides a new and potentially valuable method enabling the identification and distinction of several tectonic episodes in the Klamath Mountains. By testing even our limited set of tectono-thermal histories for internal consistency against one another and in relation to known geological and structural relationships, we are able to reduce the degrees of freedom involved in their interpretation, allowing us to begin phrasing new hypotheses regarding the relative magnitude and timing of several individually subtle Cenozoic tectonic overprints on the Klamath Mountains and surrounding region.
Following rifting from the formerly contiguous Sierra Nevada block, the Klamath region was initially part of a depositional system extending from the Great Valley of California through to correlative sediments in southern Oregon. Although subsequently largely stripped off by tectonic modification and erosion, the resulting Cretaceous sedimentary cover of the Klamaths was locally as much as 5.4 km thick.
This basin was disrupted in the late Early Cretaceous by uplift and subaerial erosion of the Klamath region coincident with initial development of the western North American cordillera. Although short-lived, this episode is recorded by synchronous signals in 40 Ar- 39 Ar K-feldspar, muscovite [15] , and whole-rock [54] data, and zircon fission track ages, and may have both largely stripped the Hornbrook Formation from the region and at least locally eroded several km of basement. This phase of basin inversion yielded to relative quiescence, with no evidence for substantial tectonic activity throughout much of the Upper Cretaceous, until accelerated cooling at c. 75-80 Ma, associated with the widespread Laramide uplift of Western North America.
